Introduction
Deep brain stimulation (DBS) of several nuclei at the basal ganglia, mainly globus pallidus interna (GPi), and subthalamic nucleus (STN) is highly effective in controlling motor symptoms in patients with advanced Parkinson's disease (PD) Limousin et al., 1998) However, several complications have been published by different groups with a large experience in DBS (Lyons et al., 2004; Umemura et al., 2003) , and patients with poor response to levodopa or those with cognitive impairment, advanced age, considerable brain atrophy, cerebral ischemic foci in the white matter or Unified Parkinson's Disease Rating Scale (UPDRS) part III < 30 to 40 in the off condition are considered unsuitable patients for DBS, because of the increased surgical risk (Lopiano et al., 2002; Pahwa et al., 2005) . On the other hand, STN DBS may improve axial symptoms at the beginning, but results are less rewarding at long-term follow-up (Bejjani et al., 2000; Kleiner-Fisman et al., 2003) . At the early of the 1990s, Tsubokawa introduced electrical motor cortex stimulation (EMCS) for the relief of central pain (Tsubokawa et al., 1991a, b) . Its use has been extended to peripheral neuropathic pain conditions, and very recently to patients with movement disorders. EMCS might represent an alternative in patients who would not fulfill all DBS inclusion criteria. There has been some evidence that EMCS may relieve motor symptoms of patients with PD Pagni et al., 2005) . However, there have also been a number of contradictory reports regarding the efficacy of EMCS in patients with PD. A number of reasons could account for the apparent discrepancies among different studies which may include different selection criteria, different surgical (i.e. extradural vs. subdural electrode) or methodological (i.e. stimulation frequencies) approaches, and importantly, different way of motor performance assessments. This report attempts to summarize current evidence on these topics.
Transcranial magnetic stimulation on primary motor cortex
Several studies have shown the transient benefit of the stimulation of primary motor cortex (M1) using repetitive transcranial magnetic stimulation (rTMS) for the symptoms of patients with PD, such as akinesia, tremor, rigidity and depression. The benefits depend on stimulus frequency and the site of the stimulation; high frequency rTMS of M1 (5-25 Hz) improved the motor performance (Khedr et al., 2006; Lefaucheur et al., 2004) , rTMS of the supplementary motor area (SMA) worsened performance of motor tasks at high frequencies (5-10 Hz) or improved UPDRS (Hamada et al, 2008) but reduced levodopa-induced dyskinesias at low frequency (1 Hz) (Boylan et al., 2001; Koch et al., 2005) , and 5 Hz rTMS of the dorsolateral prefrontal cortex (DLPFC) demonstrated the benefit on depression of patients with PD (Pal et al., 2010) . Recently, rTMS on M1 is expected to predict the efficacy of EMCS for patients with PD, for instance, we experienced a patient with akinesia in whom high frequency rTMS on M1 showed similar beneficial effect on motor symptom to the subsequent EMCS. In the patients with intractable pain, Andre-Obadia demonstrated that 20 Hz rTMS on M1 predicted the efficacy of subsequent EMCS for pain reduction (AndreObadia et al., 2006) and Hosomi et al reported that there is good correlation between the pain reduction with 5 Hz rTMS and that with EMCS (Hosomi et al, 2008) . Thus, the rTMS technique might be used to better define the targets and the parameters of stimulation subsequently applied in chronic EMCS.
Surgical procedure
Basically, the surgical procedure of EMCS for Parkinson's Syndrome is same as that for intractable pain. Because of the small number of the reported case of EMCS for PD, there is still controversy, such as unilateral stimulation or bilateral stimulation, epidural electrode or subdural electrode. Detailed procedure of EMCS will be mentioned in this session. Previously the detailed methods were reported (Saitoh and Hosomi, 2009 ).
Pre-surgical preparation
Prior to the surgical procedure, the hand motor area is identified as a target of EMCS using fMRI or anatomical MRI. Because the lower limb motor area locates in the inter-hemispheric fissure, implanting an electrode on the lower limb motor area is difficult. Functional MRI (fMRI) (Figure 1 ) is useful to precisely localize the site of the M1, otherwise some anatomical landmarks can help to identify the central sulcus. The central sulcus is characterized by the lack of sulcal branches, and lies just anterior to the pars marginalis of the cingulate sulcus on the interhemispheric surface (Naidich et al., 2001; Naidich et al., 1995) . The precentral knob sign corresponding to the hand motor area is easily identified on surface view of MRI (Figure 2 ).
Neuronavigation
After the identification of targeted area, neuronavigation is used to precisely identify M1 intraoperatively. Several kinds of navigation systems for neurosurgical assistance can be used to estimate the position of the central sulcus from skin surface (Tirakotai et al., 2007) . Neuronavigation combined with fMRI data help to decide the best position for craniotomy and for placement of the stimulating paddle (Rasche et al., 2006) . A drawback of neuronavigation is the requirement that the patient's head be fixed in a 3-point pin holder or vacuum headrest (Tirakotai et al., 2007) , which several patients may not tolerate under local anesthesia. For this reason, other surgeons prefer not to fix the patient's head and operate without neuronavigation, and use the Taylor-Haughton instead of neuronavigation lines (Figure 3) (Greenberg, 2010) . 
Anethesia
Implantation of electrode is done under local anesthesia or general anesthesia. General anesthesia is induced with a loading dose of Remifentanil 3-4 ng/ml in continuous infusion followed after 5-8 min by Propofol 5.5 μg/ml as induction dose (Total intravenous anesthesia, TIVA). Endotracheal intubation is facilitated by vecuronium bromide 0.1 mg/kg; no further doses of muscle relaxants are administered throughout surgery. The lungs are mechanically ventilated with a 50% O2 in air mixture, in order to maintain end tidal concentrations of CO2 (ETCO2) at 30-35 mmHg. Anesthesia is maintained with Remifentanil (5-6 ng/ml, up to 7-8 ng/ml if necessary) and Propofol (2.5-3.0 μg/ml). At the end of the surgical procedure, all patients are awakened within 15-30 min from cessation of TIVA. Frankfurt plane is the line from the inferior margin of the orbit through the upper margin of the external auditory meatus. The distance from the nasion to the inion is measured across the top of the calvaria and is divided into quarters. The condylar line runs perpendicular to the baseline through the mandibular condyle (intersecting the line representing the sylvian fissure). The Sylvian fissure is approximated by a line connecting the lateral canthus to the point 3/4 of the way posterior along the arc running over convexity from nasion to inion. Central sulcus is drawn from 54% point on naso-inoin line to the point where the Sylvian line cuts the condylar line.
Electrophysiological localization of hand motor area
For localizing central sulcus, most neurosurgeons employ somatosensory evoked potential (SSPE) using contralateral median nerve stimulation. The phase reversal of the N20 (sensory cortex) /P20 (motor cortex) waves is used to confirm the location of the central sulcus (Wood et al., 1988) , using a multi-contact grid and the central scalp EEG leads or directly using the definitive 4-contact strip overlying the dura matter ( Figure 4) . Recently, an enlarged and displaced motor map for the hand area was described in patients with PD. Map shifts were found in the majority of the patients (Thickbroom et al., 2006) . Therefore, electrode placement only with SSEP is often inadequate or impossibles. According to Velasco et al. (Velasco et al., 2002) , recording corticocortical evoked responses (CCER) is simple and reliable and superior to SSEPs. M1 stimulation elicits negative CCER over the frontal scalp, whereas the stimulation of primary sensory cortex (S1) elicits positive responses over parietal and occipital scalp regions. Most neurosurgeons attempt intraoperative test stimulation by using the quadripolar or the grid electrodes. Test bipolar stimulation (210-1000 μs -generally 400-500-μs, 1-5 Hz up to 500Hz, at increasing voltage or intensity -up to 50 mA, anodally, but also cathodally) is applied by means of the contacts situated over M1. In general, the amplitude needed to produce motor responses is higher using epidural rather than subdural stimulation. Motor contraction can be elicited at relatively lower amplitudes when general anesthesia is not employed. 1Hz stimulation is preferred to higher frequencies, since the former does not habituate and has less potential to trigger seizures. Muscle responses are recorded from muscle bellies of the contralateral upper limb, with EMG electrodes or visually. Fig. 4 . SSEP recording on the right central sulcus using an eight contact subdural electrode. An eight-polar plate electrode (Specify Lead, 3998; Medtronic, Minneapolis, MN) was placed on the right central sulcus. Left median nerve was stimulated at wrist with stimuli consist of single shocks (0.5 ms, 4.7 Hz, 20 mA) to produce a small, but consistent contraction of the thumb. SSEPs were recorded from each cortical electrode referenced to the ipsilateral ear lobe. Individual SSEP signals were differentially amplified and filtered: 200 were averaged through a digital signal analyzer with sample interval of 100 msec. Blue line indicates the central sulcus confirmed by SSPE.
Electrode implantation
For EMCS, the great majority of investigators prefer epidural electrode to subdural electrode. This attitude is attributed largely to the greater risk of developing complications with subdural EMCS, such as cerebrospinal fluid leakage, difficulty in fixing the electrode, hemorrhage, and iatrogenic seizures. However, according to the physical model suggested by Holsheimer et al. and Manola et al. , subdural EMCS appears to be more energy-efficient, as compared with epidural EMCS. In some patients with brain atrophy, the cortical surface and the dura mater are wide apart, in which case patients may fail to respond to extradural stimulation: a subdural approach may be considered in selected cases. There is no direct comparison study between unilateral EMCS and bilateral EMCS. Some investigator reported the bilateral effects in clinical outcome by unilateral EMCS (Cilia et al., 2008; Pagni et al., 2005) . These bilateral effects of unilateral cortical stimulation are probably due to bilateral afferent and efferent connections between cortical and subcortical structures (Leichnetz, 1986) . The four-contact electrode array or 2 side-by-side 4-contact electrode strips is placed on the hand motor area. Some surgeons place the electrode perpendicular to the central sulcus above the precentral (cathode) and postcentral (anode) gyri for the supposed improved selectivity (Nguyen et al., 1999) , others in a parallel fashion, i.e. with all contacts on the M1 or S1 Rasche et al., 2006) . Moreover, no polarity-related difference in pain relief is seen for most patients with epidural electrodes (Katayama et al., 1998) .
Epidural electrode
Canavero (Canavero et al., , 2003 makes an oblique linear skin incision (6-10cm) parallel to and 1 cm ahead of or behind the projection of the central sulcus and then drills www.intechopen.com two burr holes at a distance of 2-4 cm (plus a bony groove parallel to the paddle to accommodate the connector between the looping lead and the extension). A stimulating paddle is inserted from the edge of one burr hole into the epidural space overlying the precentral gyrus contralateral to more disabled side for movement disorders. The bony bridge between the two holes will then hold the plate in place and simultaneously reduce the durocortical gap ( Figure 5 ). This technique entails no risk of epidural hematoma, and accidental displacement of the electrode has never been observed (S Canavero, personal communication)
. 
Subdural electrode
In patients with advanced cortical atrophy, epidural stimulation may fail due to the durocortical separation. The cortical surface and interhemispheric surfaces subdurally may be elected as targets for stimulation. However, large bridging veins sometimes interfere with implantation on the interhemispheric surface. We performs bilateral craniotomy over superior sagittal sinus. After the opening of dura mater, the location of central sulcus is confirmed using phase reverse of the N20 component upon stimulation of the median nerve. A subdural quadripolar electrodes (Resume II, model 3587A; Medtronic, Minneapolis, MN) are then placed bilaterally on the M1 adjacent to the superior sagittal sinus. At the end of surgery, the lead extension is fixed to the dura or the border of the burr hole with a silk suture to prevent dislocation. However, migration of the electrodes seems to be more of a problem with a subdural than an extradural approach. A meticulous, watertight dural closure is mandatory to minimize the risk of cerebrospinal fluid leakage.
Test stimulation
After closure of the craniotomy, the electrode cable(s) is/are connected to trial stimulator. After 3 to 14 days period of test stimulation, the best stimulation parameters and electrodes are decided. There is considerable variation in the stimulation parameters; amplitudes range from 2 V to 6 V, rates from 10 Hz to 130 Hz, and pulse widths from 60 μsec to 450 μsec (Canavero et al., 2003; Cilia et al., 2007; Cilia et al., 2008; Fasano et al., 2008; Gutierrez et al., 2009; Pagni et al., 2005; Strafella et al., 2007; Tani et al., 2007) . The best www.intechopen.com location and orientation of the electrode array are generally determined in such a way that bipolar stimulation with an appropriate pair of electrodes. Once the pulse width and frequency have been optimized, most investigators will increase stimulus intensities during the trial using a percentage of the motor threshold as a guide. Many investigators begin by increasing the intensity by 20% of the motor threshold and then increase by 20% increments thereafter to 80% of motor threshold.
Implantation of IPG
If the test stimulation improves the motor symptom, patients would be returned to the operating room and the electrode(s) is/are connected to implanted pulse generator(s) (Itrel III IPG; Medtronic Inc., Minneapolis, MN, USA), usually placed subcutaneously over the pectoralis muscle under general anesthesia (Figure 6 ). 
Clinical outcome
Clinical outcomes from several studies were summerised in Table 1 . Variable clinical outcomes after EMCS have been reported in the patients with PD. The limited case series available on literature and the differences in patient selection criteria and stimulus parameters may partly account for the variable clinical benefit reported so far. Basically, the degree of the clinical improvement obtained with EMCS is lower than that reported with DBS (Cilia et al., 2008; Gutierrez et al., 2009) . Most of EMCS studies did not find significant mean changes between stimulation-on and stimulation-off in UPDRS part II and III (Cilia et al., 2008; Gutierrez et al., 2009; Strafella et al., 2007) . On the other hand, motor evaluation in individual patients revealed clinical improvement during stimulation in comparison to STIM-OFF condition (Cilia et al., 2008; Fasano et al., 2008; Gutierrez et al., 2009; Strafella et al., 2007; Tani et al., 2007) . These published data must be interpreted very cautiously, because they are from open labelled studies that involved only small numbers of patients from a few centres. The clinical benefits from EMCS were observed mainly in axial symptoms, such as gait, stooped posture and postural instability. Because axial symptom has small proportion in UPDRS-III (20/108), the benefit of EMCS for axial symptom does not change a lot in UPDRS-III score. Additionally, clinical improvement by EMCS occurs after a variable time interval -most often several days up to 4 weeks -after stimulation parameters modifications (Cilia et al., 2008) . Several investigators reported that rigidity and tremor were abolished within several minutes of stimulation, but the full effect on bradykinesia and axial symptom, especially gait disturbance, were appreciated only after a longer period of stimulation, with a slow worsening over more than 2 days period after stimulation-off Cilia et al., 2008; Pagni et al., 2003; Tani et al., 2007) . In some studies, the motor symptom assessments were done in shorter period after the modification of stimulation parameter, so the benefit in motor symptom could be underestimated.
Mechanisms of action
The exact mechanisms of action of EMCS are poorly understood. It is noteworthy that, whereas the effects of EMCS on rigidity and tremor are almost immediate (observed within the first minute of stimulation), the clinical benefit on akinesia and axial symptom necessitate a longer stimulation time to become detectable. The latency of the clinical effects of high-frequency STN-DBS is also known to vary from one type of parkinsonian motor symptoms to another with short latency benefit (less than 1 min) observed for rigidity and tremor and longer time delay (a few minutes, up to a few days) observed for other symptoms such as bradykinesia and akinesia (Krack et al., 2002) . As discussed by others, the delays of clinical benefits observed with EMCS may be due to synaptic plasticity, long-term potentiation, long-term depression, expression of secondary messengers or polarization of brain tissue Krack et al., 2002; Priori and Lefaucheur, 2007) , and the immediate effects may be due to the dual effect -imposing a specific pattern of activity and suppress abnormal, disease-associated rhythmicity of oscillation in corticobasal gangliacortical circuit (Brown, 2006; Fasano et al., 2008; Garcia et al., 2003; Priori and Lefaucheur, 2007) . Studies of rTMS of M1 reveal that PD is associated with excess excitability or reduced inhibition at the M1 (Cantello et al., 2002) , and rigidity and tremor might be caused by hyperactivity of the M1 (Haslinger et al., 2001; Rodriguez-Oroz et al., 2009 ). In the patients with PD, during production of a voluntary output, its activation is inadequately modulated, owing, for instance, to reduction of intracortical inhibitory mechanisms mediated by γ-aminobutyric acid A (GABA) and GABA receptors (Cantello et al., 2002) . Canavero et al. suggests that EMCS increases the cortical GABA in patients affected by central pain syndromes Bonicalzi, 1995, 1998) . EMCS might reduce cortical hyperactivity, increasing GABA concentration and activating inhibitory neurons (Hanajima et al., 2002) . Indeed, ECD SPECT data demonstrated a resting state reduction of neuronal activity in motor cortical areas during EMCS (Cilia et al., 2008) . Finally, functional neuroimaging studies showed a significant increase of cerebral perfusion in the SMA and the DLPFC in STIM-ON condition Fasano et al., 2008; Tani et al., 2007) . The SMA and the DLPFC are known to be under-active in patients with PD, probably underlying bradykinesia (Haslinger et al., 2001; Jahanshahi et al., 1995; Rascol et al., 1992) , and these cortical metabolic abnormalities can be reversed by antiparkinsonian therapies such as dopaminergic treatment (Jenkins et al., 1992) , pallidotomy (Grafton et al., 1995) , STN-DBS (Limousin et al., 1997) or GPi-DBS (Fukuda et al., 2001) . The similarity of these results suggests that these strategies may induce a similar therapeutic benefit in the patients with PD and might have some common mechanism. 
Complication
The only complication reported concerning EMCS for PD was misplaced electrode (Pagni et al., 2005) . Because of the small number of the cases of EMCS for PD, we summarize the reported complication of EMCS for intractable pain patients in this section. While a majority of studies have reported no adverse events with EMCS (Gharabaghi et al., 2005; Saitoh et al., 2000; Tsubokawa et al., 1991b) , serious complications have been reported. Montes et al. (Montes et al., 2002) analyzed event-related potentials (ERPs) and behavioral performance during an auditory target-detection task in 11 consecutive patients obtained during EMCS and 10 minutes after switching off stimulation. While sensory responses remained unaffected by EMCS, there was a significant delay of brain potentials reflecting www.intechopen.com target detection in the older patients, rapidly reversible after EMCS discontinuation. No effect was observed in patients younger than 50 years. Cognitive effects of EMCS appeared as mild and non-specific, directly related to the stimulation period (i.e. with no post-effect), in a manner reminding of cognitive effects reported during rTMS on M1. Thus, EMCS may interfere with relatively simple cognitive processes such as those underlying target detection, notably in the elderly and in the presence of preexistent cerebral lesions. Occurrence of epileptic seizures has been reported during test stimulation in a minority of patients. The low rate of epileptic seizures during chronic stimulation (0.2%) means that stimulation of M1 within an appropriate range of parameters is reasonably safe. The most serious reported complications are epidural or subdural hematomas. These are definitely exceptional with an extradural approach, and some surgeons never observed one, making the risk of peri-operative hemorrhage much lower compared to DBS. Some wound infections have been reported by most neurosurgeons. If the infection occurs, all devices including the paddle, extension leads, and pulse generators must be removed temporally. The implanted pulse generator (IPG) can accidentally turn off due to electromagnetic interference from household devices in close (<10 cm) proximity, such as electric appliances of any kind, but also anti-theft devices and metal detectors or magnets in loudspeakers.
At impedances >2000 Ω, a connection problem, such as a broken cable or a lead fracture, must be suspected. The operator should thus measure impedance in a unipolar configuration in order to assign a value to the single contact.
Conclusion
EMCS can provide some different benefit for the patients with PD from STN-DBS. Although the degree of clinical improvement of EMCS is lower than that of DBS, the fact that EMCS can improve axial symptom of PD, which is difficult even with STN-DBS, is an irreplaceable gift for some part of patients with PD, and its less surgical invasiveness than DBS can make the surgery safer for the patients with advanced age or sever brain atrophy.
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